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Objective: The purpose of this study was to review our operative experience in patients with thoracic outlet syndrome
(TOS) resulting from cervical ribs causing clinical symptoms.
Methods: This study is a retrospective review of a prospectively acquired database of patients with TOS treated with ﬁrst
rib resection and scalenectomy with or without cervical rib resection at the Johns Hopkins Medical Institutions.
Results: Between October 2003 and June 2011, a total of 23 cervical rib resections were performed on 20 patients, three
of whom had bilateral cervical ribs resected during separate operations. Seven patients presented with subclavian artery
thrombosis. Three of seven patients had subclavian artery aneurysms and underwent cervical rib resection through
a supraclavicular approach to facilitate subclavian artery bypass. Five patients presented with an ischemic upper extremity
without thrombosis and underwent transaxillary ﬁrst rib and cervical rib resection. Three patients presented with
subclavian vein thrombosis; two of the three patients underwent balloon dilation 2 weeks postoperatively for stenosis.
Additionally, ﬁve patients presented with neurogenic TOS evidenced by pain, numbness, and weakness without vascular
compromise in the affected arm. Cervical ribs with bony fusion to the ﬁrst rib were found in 17 of 23 cases (74%).
Conclusions: Cervical ribs causing clinical symptoms are large and frequently fused to the ﬁrst rib, and can result in
aneurysm formation or thrombosis. In our experience, both the cervical rib and the ﬁrst rib must be removed to relieve
arterial compression and can usually be done through a transaxillary approach. Only patients with aneurysms needing
arterial reconstruction require resection of the artery from a supraclavicular approach. (J Vasc Surg 2013;57:771-5.)Cervical ribs are most often found incidentally on
routine chest radiographs.1,2 The incidence of cervical ribs
in the general population is 0.2% to 1.0%.3,4 The majority
of patients with cervical ribs are asymptomatic and therefore
do not require resection.5 By deﬁnition, cervical ribs
originate from the seventh cervical vertebrae and vary in
length from those that are<1 cm to those that extend across
the thoracic outlet and fuse to the ﬁrst rib.2,3
Cervical ribs were ﬁrst described by Gruber6 in 1869.
He described four groups of cervical ribs: (1) cervical ribs
extending just beyond the transverse process, (2) cervical
ribs extending beyond the transverse process with a free
tip almost touching the ﬁrst rib, (3) cervical ribs extending
beyond the transverse process with ﬁbrous bands or carti-
lage attaching to the ﬁrst rib, and (4) cervical ribs
completely fused to the ﬁrst rib (Table). The latter two
categories of cervical ribs commonly lead to vascularthe Division of Vascular and Endovascular Surgery, Johns Hopkins
edical Institutions.
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In 1916, Halsted7 evaluated 716 case reports of
cervical ribs in which 125 had vascular symptoms and 27
had aneurysms distal to the point of compression by the
cervical rib and its attachments. In 1934, Lewis and Picker-
ing8 reported that subclavian artery thrombosis and embo-
lization can occur due to trauma caused by a cervical rib.
We describe our experience with 20 patients with symp-
toms due to Gruber class 2, 3, and 4 cervical ribs in order to
present an up-to-date treatment algorithm that includes
transaxillary ﬁrst rib resection and scalenectomy (FRRS)
and cervical rib resection for patients who do not require
vascular reconstruction and supraclavicular FRRS and
cervical rib resection for patients requiring arterial bypass.METHODS
Data source. A retrospective review of a prospectively
acquired database was performed. Data were collected on
all patients who had undergone surgical intervention for
thoracic outlet syndrome (TOS) from October 2003 to
June 2011 at the Johns Hopkins Medical Institutions.
The database includes information on patient demo-
graphics, initial presentation (including the presence of
a cervical rib), prior therapies, postoperative complications,
and follow-up on 20 patients who underwent FRRS and
cervical rib resection. This database is maintained by the
Johns Hopkins Division of Vascular and Endovascular
Surgery and has institutional review board approval to
follow the outcomes of patients undergoing FRRS and
cervical rib resection.771
Fig 1. Chest radiograph of a left cervical rib fused to the left ﬁrst rib.
Table. Cervical rib classiﬁcation
Cervical rib
subtype Description
Type 1 Rib extends to the transverse process of C7
Type 2 Rib extends beyond the transverse process with
no connection to the ﬁrst thoracic rib
Type 3 Rib extends beyond the transverse process with
partial fusion to the ﬁrst rib by ﬁbrous bands or
cartilage
Type 4 Rib is completely fused to the ﬁrst rib by a bony
pseudoarticulation
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undergone surgical intervention for TOS between August
2003 and June 2011. Patients were included in the study
if they presented with neurovascular compromise, such as
symptoms of pain, paraesthesia, or weakness in the affected
arm, compression of the artery or vein with pain, or embo-
lization with pain or discoloring, due to a Gruber class 2, 3,
or 4 cervical rib and underwent FRRS and cervical rib
resection for therapy. Two patients who presented with
cervical ribs that were fused to the second thoracic rib
were excluded. Ultimately, a total of 20 patients were
included in this study, which focuses on symptomatic
patients requiring surgical intervention.
RESULTS
Twenty patients (16 females and four males) with
Gruber class 2, 3, or 4 cervical ribs underwent FRRS and
cervical rib resection between October 2003 and June
2011. Seven patients had symptomatic right-sided cervical
ribs, and 10 patients had symptomatic left-sided cervical
ribs. Three patients had bilateral cervical ribs and under-
went cervical rib resections at separate operations per-
formed 1 year apart. A total of 23 FRRS and cervical rib
resection operations were performed on the 20 patients.
Notably, 17 of 23 cervical ribs were found to be fused to
the ﬁrst rib (Fig 1). The average age of patients at the
time of operation was 33 years (range, 15-54 years).
Arterial presentations. Seven patients presented with
subclavian artery thrombosis. All seven patients presented
with symptoms of pain, weakness, or discoloration of the
affected arm. Four patients had episodes of embolization
to the arm or hand.One patient also had a prominent, pulsa-
tile neck mass. All seven patients were found to have arterial
compression as seen by preoperative duplex ultrasound
scanning. At other institutions, two patients received acute
thrombolysis, three patients underwent balloon angioplasty,
and one patient had an attempted thrombectomy. One
patient also had a subclavian artery stent, which required
thrombectomy before rib resection. Patients had symptoms
for an average of 3 months (range, 3 weeks to 8 months)
before presentation. The average patient age at the time of
operation was 38 years (range, 21-54 years). Operatively,
four patients underwent transaxillary FRRS and cervical
rib resection, and three patients underwent supraclavicularFRRS and cervical rib resection. The three patients who
underwent supraclavicular FRRS had an aneurysm >2 cm
in the subclavian artery, as identiﬁed by preoperative duplex
ultrasound scanning and required resection of the subcla-
vian aneurysm and formation of a bypass (Fig 2). One
patient required an interposition of the saphenous vein, one
required a carotid-axillary bypass with polytetraﬂuoro-
ethylene (PTFE), and one required an axillo-subclavian
bypass with PTFE. Grafts were chosen by surgeon prefer-
ence based on artery size. All seven patients were found to
have cervical ribs fused to the ﬁrst rib at the time of resec-
tion. Notably, two patients were seen to have bilateral
cervical ribs on chest x-ray ﬁlm preoperatively but were
symptomatic on only one side. Both patients underwent
cervical rib resection on the symptomatic side and under-
went prophylactic resection of the contralateral cervical rib
per patient request 1 year after the ﬁrst operation. Both
patients were young and physically active, and although the
contralateral side was asymptomatic in both, FRRS and
cervical rib resections were performed to prevent compres-
sion and possible aneurysm formation in the future. Post-
operative complications included occlusion of a preexisting
subclavian artery stent at 2 hours postoperatively requiring
thrombectomy, brachial artery embolism at 2 weeks post-
operatively in the patient who required a carotid-axillary
bypass, and chest wall hematoma treated with ligation of the
intercostal artery and thrombosis of the bypass at 10 days
postoperatively treated with thrombectomy in the patient
who underwent axillo-subclavian bypass. Patients were fol-
lowed for an average of 13 months (range, 1-33 months).
During follow-up, one patient was found to have asymp-
tomatic occlusion of the bypass graft at 1 year and was
treated with warfarin. Two patients required prolonged,
postoperative physical therapy: one patient who initially
presented with thrombosis had reduced arterial ﬂow and
numbness from residual scarring, and one patient who
initially presented with a subclavian artery aneurysm had
Fig 2. A, Preoperative arteriogram of a left subclavian artery aneurysm with the arm in adduction. B, Preoperative
arteriogram of a left subclavian artery aneurysm with the arm in abduction.
Fig 3. A, Preoperative duplex ultrasound scan of the left subclavian artery with the arm in adduction. B, Preoperative
duplex ultrasound scan of the left subclavian artery with the arm in abduction demonstrating turbulent ﬂow and
biphasic ﬂow in the subclavian artery secondary to compression of the artery by the cervical rib.
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marked improvement after extended physical therapy.
Five patients presented with arterial compression and
ischemia manifested by pain in the affected extremity due
to compression or embolization without thrombosis, as
seen by duplex ultrasound scanning of the subclavian artery
with the affected arm in abduction and adduction (Fig 3).
Four patients presented with signiﬁcant pain in the affected
arm, and one patient had a painless, pulsatile mass. Addi-
tionally, one patient suffered from atrophy of the thenar
muscles without weakness on the affected hand, and
another patient had a previous embolization to the hand.Patients experienced symptoms for an average of 18
months (range, 3 weeks to 3 years) before undergoing
rib resection. The average patient age at the time of oper-
ation was 21 years (range, 15-37 years). All patients under-
went transaxillary FRRS and cervical rib resection. Four of
the ﬁve patients were found to have cervical ribs fused to
the ﬁrst rib. Postoperatively, two patients suffered from
pain in the affected shoulder. Patients were followed for
an average of 7 months (range, 3-12 months). None of
the patients demonstrated symptoms of ischemia mani-
fested by pain due to compression or embolization of the
affected arm after surgery, and none had residual arterial
JOURNAL OF VASCULAR SURGERY
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patients regained functional use of the affected arm.
Venous presentations. Three patients presented with
venous thrombosis as seen by duplex ultrasound scanning:
two with venous thrombosis alone and one with arterial
compression in addition to venous thrombosis. One patient
also had a prior pulmonary embolism. All three patients
underwent transaxillary FRRS and cervical rib resection,
and all three patients underwent venography at 2 weeks
postoperatively per our protocol.9 Venograms showed
a patent subclavian vein in one patient and >50% stenosis
of the subclavian vein in the other two patients. Both
patients with stenosis underwent dilation by balloon
angioplasty; one of the two patients initially was treated
with warfarin before dilation, but anticoagulation was dis-
continued at 6 months when the subclavian vein was seen
to be chronically occluded by duplex ultrasound scanning.
Patients were followed for an average of 9 months (range,
2-13 months). All three patients did well during follow-up
and had no further complications.
Neurogenic presentations. Five patients presented
with neurogenic TOS without thrombosis or compression
of the subclavian artery or vein as seen by duplex ultra-
sound scanning with the affected arm in abduction and
adduction. All ﬁve patients presented with symptoms of
pain, paraesthesia, or weakness in affected arm, but no arte-
rial compression was seen due to the rib being posterior.
Two of the ﬁve patients also presented with a painless,
pulsatile mass in the neck. One patient presented with
bilateral cervical ribs and had signiﬁcant pain and numbness
in the hand and arm bilaterally. The average patient age at
the time of operation was 34 years (range, 16-49 years). All
patients did not respond to conservative treatment with
physical therapy; therefore, all ﬁve patients underwent
FRRS and cervical rib resection. Three patients were found
to have cervical ribs fused to the ﬁrst rib. One patient had
postoperative complications, which included a chronic ster-
noclavicular joint dislocation following overextension of
the arm during the operation and required surgical inter-
vention, and a disarticulation of the clavicular head imme-
diately postoperatively, which healed without intervention.
Patients were followed for an average of 16 months (range,
3-48 months). All ﬁve patients had symptomatic improve-
ment in the follow-up period and returned to baseline
physical activity.
DISCUSSION
We believe that resection of both the cervical rib and
ﬁrst rib is appropriate for relief of symptoms in most
patients to prevent the need for a second operation. Davies
et al5 previously studied excision of the cervical rib alone,
without removal of the ﬁrst rib. In a study of 58 patients
with TOS, 22 patients were found to have cervical ribs:
ﬁve had cervical ribs that caused arterial symptoms, six
had cervical ribs that caused neurogenic symptoms, and
eight had cervical ribs that caused a combination of neuro-
genic and arterial symptoms. In their population, 15
patients received cervical rib resection alone and were curedof all symptoms. However, two patients who had cervical
ribs previously removed had continued symptoms and
eventually required a ﬁrst rib resection for further symp-
tomatic improvement. Toso et al10 also found that patients
who had only the cervical rib removed without the ﬁrst rib
removed continued to have symptoms after operation. We
ﬁnd that removing the cervical rib and the ﬁrst rib in one
operation allows creation of ample space for the vein,
artery, and brachial plexus. We found no evidence of
increased morbidity or mortality in patients who received
concurrent resections of the cervical rib and ﬁrst rib
compared with those who received cervical rib resection
alone unless they presented with thrombosis of the subcla-
vian artery, which was associated with postoperative
vascular complications without limb loss.
Brown and Charlesworth11 examined a group of 18
patients (15 female and three male) with 23 cervical ribs
who presented at an average age of 35 years for females
and 37 years for males, a patient population similar to
our own. They found that resection of the cervical rib
was effective in relieving neurogenic symptoms (nine
patients cured and ﬁve improved). However, they also
found that a cervical rib fused to the ﬁrst rib resulted in
arterial injury and that surgical removal of the cervical
and ﬁrst rib was ineffective (one of eight cured). The low
cure rate was attributed to longstanding intimal damage
to the subclavian artery due to prolonged compression.
Seven of our patients presented with arterial thrombosis
or aneurysm, and three required bypass in addition to
FRRS and cervical rib resection. All seven patients under-
went operation shortly after symptom onset, with an
average symptomatic period of 3 months, with few compli-
cations in the follow-up period among those patients who
did not require arterial reconstruction. We have found that
aggressive treatment may be necessary to return arterial
ﬂow and relieve arterial compression, which accounts for
our high cure rate.
Because subclavian aneurysm formation and throm-
bosis may result from prolonged arterial compression by
a cervical rib, further intervention in addition to FRRS
and cervical rib resection in the form of PTFE or saphenous
vein grafts is often required.12,13 In our population, one
patient presented with a subclavian artery aneurysm
complicated by thrombosis and embolization to the arm.
This patient required placement of an axillo-subclavian
interposition bypass graft with PTFE and an embolectomy
of the axillary, brachial, radial, and ulnar artery in order to
restore ﬂow to the upper extremity. We ﬁnd that patients
who present with arterial ischemia due to thrombosis or
embolization often require arterial reconstruction and
bypass. Aggressive treatment with thrombolysis or throm-
bectomy in addition to bypass may also be necessary to
return arterial ﬂow.14,15 Additionally, subclavian artery
stents should not be placed before rib resection because
the compression can thrombose the stent, as was the case
in one of our patients.
The surgical approach to rib removal has been contro-
versial. Many argue that a transaxillary approach, as done
JOURNAL OF VASCULAR SURGERY
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resection, and a supraclavicular approach is best for cervical
rib excision and for gaining access to the subclavian
artery.10,11,16-18 Other studies have shown that resection
of the cervical rib can also be accomplished through a trans-
axillary approach if the ﬁrst rib is also excised.13 Because we
support removal of cervical ribs along with ﬁrst ribs, access
through a transaxillary approach allows us to remove both
ribs through a single incision site. A supraclavicular approach
allows access to the subclavian artery, and we do perform
supraclavicular operations if preoperative duplex ultrasound
scanning demonstrates thrombosis or aneurysm and indi-
cates a need for subclavian artery repair or bypass graft. A
combined supraclavicular and infraclavicular approach has
also been suggested to allow for access to both the subclavian
and axillary arteries, but noneof our patientswhohad arterial
reconstruction required a dual approach.15,19
The scope of this study is limited by the nature of its
population and by the rarity of this condition in the general
populace. The focus of our study was to describe a very
small, select population from a single institution. Addition-
ally, follow-up was limited in this group, and resultant bias
in outcome cannot be excluded.
CONCLUSIONS
We ﬁnd that clinically signiﬁcant Gruber class 2, 3, and
4 cervical ribs are large in size and frequently have bony
fusion to the ﬁrst rib resulting in arterial compression,
aneurysm formation, thrombosis, or embolization. These
patients need to have both the ﬁrst rib and cervical rib
removed to treat the arterial compromise and often require
bypass to return ﬂow distal to the thrombosed aneurysm or
artery. Although we found that the majority of our patients
presented with arterial or venous symptoms, neurogenic
symptoms of pain, paraesthesia, and weakness can also
occur with large cervical ribs, and complete resection of
the ﬁrst rib and cervical rib can resolve these symptoms.
Most cervical ribs and ﬁrst ribs can be resected through
a transaxillary approach, but patients with subclavian artery
thrombosis or aneurysms may require resection through
a supraclavicular approach in order to facilitate placement
of a bypass graft. With appropriate postoperative treatment
with physical therapy for at least 3 months and anticoagu-
lation for 3 to 6 months as warranted by thrombosis or
embolization, patients regain full function of a previously
impaired arm and have excellent rates of recovery.
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